Yeast protoplasts which were in osmotic equilibrium with a 0.55 M-mannitol solution underwent lysis when glucose was added to the suspension. Lysis was dependent on glucose metabolism and was accelerated when chelating agents were added to the medium. Lysis in the presence of glucose and chelating agents was inhibitied by alkali metal ions, magnesium, spermidine and by increasing the tonicity of the test medium. The inhibition of lysis by K+ and Na+ when chelating agents were present conformed to a MichaelisMenten type relationship with apparent dissociation constants of 2-5 x I O -~ M and 3-6 x I O -~ M for K+ and Na+, respectively.
Carbon dioxide evolution and oxygen consumption were measured by standard manometric techniques. When the respective rates of glucose metabolism and lysis were to be correlated the measurements were done in parallel. To estimate the initial rates of glucose metabolism in tests in which rapid rates of lysis were obtained, the suspension density of the protoplasts in the manometer flasks was increased threefold. Q values are reported in terms of the equivalent dry weight of whole yeast.
RESULTS

The inJluence of glucose
It can be seen from Fig. I that the extinction values of protoplast suspensions decreased only slowly with time during incubations in the absence of glucose. The addition of glucose (0.5 %, w/v) produced marked decreases in the extinctions of the suspensions, but when KCl (0.01 M) was also included in the medium the extinctions subsequently increased. This latter change was accompanied by aberrant cell-wall synthesis, swelling and growth of the protoplasts as described by Eddy & Williamson (1959) . Sodium chloride (0.01 M) as opposed to KCI was found to decrease only slightly the extinction changes induced by glucose. When glucose alone was added all the protoplasts were lysed.
The efects of chelating agents When glucose was added to osmotically stabilized protoplast suspensions containing citrate, ATP, EDTA or pyrophosphate (each 0.01 M) a rapid decrease in the extinctions of the mixtures ensued. This finding is illustrated by the results of an experiment in which citrate was added as the chelating agent (Fig. 2) . Experience showed that a rapid decrease in the extinctions of the protoplast suspensions resulted only when both glucose and a chelating agent were added (Fig. 2) . When the protoplasts were incubated with glucose for up to 30 min. before the addition of citrate, results similar to those of Fig. 2 were obtained.
Previous observations (Indge, I 968) had shown that in protoplast suspensions subjected to osmotic shock there was a linear relationship between the extinction change and the number of protoplasts lysed. A similar correlation between extinction changes and lysis of the protoplasts was found in the present experiments. When a suspension of metabolizing protoplasts was cooled to oo (see later) and the number of intact protoplasts counted by using a Neubauer counting chamber, a linear relationship was found between the number of protoplasts lysed and the observed extinction change for a range of experimental conditions. Thus the extinction changes recorded in these experiments are a measure of protoplast lysis.
The relation between the rate of extinction decrease after the addition of glucose to the protoplast suspensions and the concentration of citrate, EDTA, ATP or pyrophosphate in the medium was investigated in a series of ten experiments. Representative data are given in Table I . Analyses of the results of these experiments showed that in no instance did the kinetics conform to a Michaelis-Menten type relationship.
The role of glucose
The rate of lysis of protoplasts which were suspended in 10% (w/v) mannitol solution -+ citrate was influenced by the amount of glucose added. An analysis of the effects of glucose concentration on lysis showed that the initial rate of lysis of proto-plast populations was proportional to the initial rate of glucose metabolism ( Table 2) . Parallel experiments done under nitrogen, or with Antimycin A (15 pg./ml.) added to the medium to suppress oxidative metabolism of the protoplasts, showed that while glucose respiration appeared to contribute significantly to the net rate of lysis, lysis did not depend absolutely on respiration. A point of interest emerging from these results Several carbohydrates other than glucose were tested for ability to promote lysis in the presence of chelating agents. Of sixteen compounds tested only those which were metabolized by the protoplasts, namely sucrose, fructose and mannose, induced lysis when added to the medium at a con-
Inhibition of metabolism Concentrations of iodoacetate or iodoacetamide (0~005-0~01 M) which were sufficient to inhibit glucose metabolism completely also inhibited lysis of the protoplasts in the presence of chelating agents + glucose. The detailed effects of these inhibitors were however complex. For instance, when glucose and iodoacetamide (1-5 x I O -~ M) were added to the protoplasts together, the rate of lysis was increased twofold. Incubation of the protoplasts with iodoacetamide (1-5 x I O -~ M) during 20 min. before the addition of glucose resulted in either stimulation or inhibition of lysis, depending on the concentration of inhibitor. Sodium azide (5 x 10-* M) and 2,4-dinitrophenol ( 2 x I O -~ M) completely inhibited the lysis reaction induced by the addition of glucose and citrate or EDTA to the protoplast suspensions.
The initial rates of lysis (extinction decrease per 5 min.) at oo, I O ' , 2 0 ' and 28' were 0.00, 0.03, 0-12 and 0.30, respectively, in one test done with glucose (0.5% w/v)+ citrate (6 mM). Cs+ 0 ; Na+ and Li+ A (these cations yielded coincident curves); control test W.
Efects of cations As can be seen from Fig. 3 monovalent cations (0.01 M) exhibited graded abilities to inhibit the rapid lysis of the protoplasts induced by citrate and glucose, NH4+ and K+ being the most effective inhibitors. Of the cations tested Na+ and K+ were selected for more detailed studies. The relation between the rate of lysis and the concentration of K+ or Na+ in the medium was investigated. The results from a typical experiment are shown in Fig. 4 . It can be readily shown that when a cation binding site which controls the rate of lysis is inactivated by the formation of a reversible complex with monovalent cations, then the decrease in the rate of lysis in the presence of cations and the cation concentration would be related by a Michaelis-Menten type equation. When the kinetic data were plotted according to the procedure of Hofstee (1952) they yielded straight lines (Fig. 5) . Thus the results conformed to the type of re1 ations hip suggested.
The apparent dissociation constants of the presumed Na+ and K+ complexes determined from the results of twelve experiments varied between 3-6 x I O -~ M and 2-5 x I O -~ M, respectively. These values were apparently independent of the nature or concentration of the chelating agent employed to stimulate the lysis reaction (Fig. 5) . The results presented in Fig. 5 were obtained from measurements of the rates of extinction change in short-term experiments where the average rate of lysis was large (see Fig. 4) . When the rate of lysis was small, for example in tests carried out with 0-2 mwcitrate, the addition of Kf to the medium tended to increase the rate of lysis (see Fig. I ). Na+ did not stimulate lysis appreciably under such conditions. Another aspect of the complex behaviour exhibited towards K+ was that it did not annul completely the rapid lysis reaction induced by chelating agents and glucose (Fig. 4) . Comparison of the intercepts on the ordinate axis of the plots of Fig. 5 with the rates of lysis of the
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respective control tests also demonstrates this point. A possible explanation is that the protoplasts transport and accumulate K+ during the experiments thereby increasing their osmotic pressure relative to that of the medium and thus increasing the rate of lysis. Spermidine ( I O -~ to I O -~ M) and Mg2+ ( I O -~ to IO-~M) decreased the rate of lysis of the protoplasts in the presence of citrate (6 mM) and glucose by up to 50%. Their effects were not investigated in detail, but even when excess citrate (6 mM) was present Mg2+ ( I O -~ M) decreased the rate of lysis by about 40 yo.
Osmotic pressure of the medium In the osmotic lysis tests described in a previous report (Indge, 1968) chelating agents were shown to lower the resistance of yeast protoplasts to lysis by osmotic shock by an amount equivalent to a 2.5% (wlv) decrease in the concentration of mannitol in the suspending fluid. As shown in Fig. 6 the stimulation of the lysis of metabolizing protoplasts observed when citrate was included in the medium was not prevented even in 14 % (w/v) mannitol solution. Increasing the concentration of mannitol in the medium to 14% (wlv) did not decrease the rate at which the protoplasts metabolized glucose.
The rate of lysis Although the effects of chelating agents described were qualitatively highly reproducible, the rate of lysis varied somewhat from one batch of protoplasts to another. For example, the initial rates of lysis recorded in citrate solution (6 mM) and glucose varied from 0.15 to 0.45 (extinction decrease/5 min.), the average value being about 0.30, in a set of 30 measurements. A lag period of 5-10 min. after the addition of glucose was sometimes observed before lysis commenced. 
0.140
Preparations of protoplasts which lysed rapidly in the presence of glucose and strong chelating agents were also susceptible to lysis when weaker complexing agents such as sulphate, phosphate, acetate, succinate, malate or aconitate were added. The concentrations of these anions resulting in rapid rates of lysis were in each case between I O -~ M and I O -~ M (Table 3) . Their effects were characterized by lag periods of up to zomin. before any appreciable stimulation of lysis took place. In some instances it was necessary to decrease the concentration of mannitol to 8.5% (w/v) in order to observe the effects. of these anions on lysis conveniently. The actions of these anions on lysis were inhibited by K+, Na+ and Mg2+. DISCUSSION The lysis of yeast protoplasts induced by glucose resembles the phenomenon of metabolic lysis observed by Abrams (1959, I 960) with Streptococcus faecaZis protoplasts, in that the reaction depends on glucose metabolism. Certain properties of the yeast system, however, differ from those of the bacterial system studied by Abrams. In the yeast protoplast experiments reversible metabolic swelling did not appear to take place, and monovalent cations inhibited rather than stimulated lysis. The evidence indicated that K+ tended to promote lysis of the yeast protoplasts, but this action was generally masked by the net inhibition of lysis produced by this cation.
The present results support the view proposed by Abrams that the addition of an energy source to protoplasts causes a change in the permeability properties of the protoplast membrane so that the osmotic stabilizer enters the cells. In yeast protoplasts this change appears to be accentuated by chelating agents, so that the rate of metabolic lysis is greatly increased. Lehninger (1962) discussed the similarities which exist between the swelling and contraction phenomena observed in mitochondria and in the protoplasts of micro-organisms.
It is of interest to compare the present results with those of the previous osmotic lysis experiments (Indge, I 968). Metabolizing yeast protoplasts were susceptible to the action of citrate ion up to 30 min. after the addition of glucose, which contrasts with the transient susceptibility of resting protoplasts to chelating agents during osmotic shock tests. Anions such as phosphate and succinate, which bind Mg2+ less strongly than do citrate or EDTA (Sillkn & Martell, 1964) , increased the rate of lysis in metabolic tests but did not influence the osmotic lysis of the protoplasts. These observations, and also the apparently larger effects of citrate ion on the stability of the protoplasts in the metabolic as opposed to the osmotic lysis tests (Fig. 6) , can be explained in terms of the hypothesis put forward in the preceding paper (Indge, 1968). There it was suggested that bound Mg2+ or other cations in some way controlled the permeability properties of the protoplast membrane. Therefore it is proposed that in metabolizing protoplasts the Mg2+ of the membrane is accessible to the medium, the conformation and properties of the membrane being those which are exhibited during osmotic swelling of the protoplasts.
A further difference between the properties of the protoplasts in the two test systems is that the affinity of the membrane cation-binding site postulated to account for the inhibition of metabolic and osmotic lysis by Na+ and K+ was increased when the protoplasts were metabolizing glucose. The similarity between the apparent dissociation constants of the presumed Na+ and K+ complexes in metabolically active protoplasts and those of the cation transport system in yeast (Armstrong & Rothstein, 1964 , 1967 ) leads one to suspect that these phenomena may be related. One interesting possibility is that the non-transporting modifier site postulated by Armstrong & Rothstein (1967) is involved in the permeability changes described in the present investigation. The phenomenon of metabolic lysis may be of practical importance in preparing yeast protoplasts. The results of the present work indicate that buffer solutions containing chelating agents such as citrate should be avoided, and that the yeasts which exhibit high values of endogenous respiration incubations with snail-gut juice should be done anaerobically.
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